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LOW NOISE MULTILAYER PRINTED
CIRCUIT BOARD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The mmvention relates to the technical field of multilayer
printed circuit board (PCB) and, more particularly, to a low
noise multilayer PCB.

2. Description of Related Art

Power bus noise caused by the switching of integrated
circuits (ICs) such as clock generators or power amplifiers 1s
a significant source of electromagnetic interference (EMI). It
may propagate to the other components on the PCB through
parallel-plate structure formed by power and ground layer of
the PCB. Typically, an 1solation method 1s used to avoid
sensitive analog ICs (such as an analog to digital converter)
from being influenced by the noise. Namely, some slots are
cut on the power and ground metal layers to separate the noise
sources 1nto a certain area of the PCB and 1solate the noises
from being delivered easily to the other circuits.

FIG. 1(A) shows the metal layers of a typical four-layer
PCB. As shown 1n FIG. 1(A), two metal layers, power layer
130 and ground layer 120, provide a source and a return
current path for the circuit on the PCB, respectively. In addi-
tion, the PCB has two signal layers 110 and 140 which pro-
vide metal connections of different electronic components on
the PCB.

FIG. 1(B) 1s a cross-sectional view of FIG. 1(A). As shown
in FIG. 1(B), the dielectric layer 150 on the PCB 1s divided
into three parts by the metal layers. FIG. 1(C) shows the area
where the power bus noise exits. Because of the parallel-plate
structure formed by the upper and lower metal layers 120 and
130, the region II benefits the electromagnetic propagation.

FIG. 2(A) 15 a top view of using an isolation method to
separate a PCB 1nto two areas 1n accordance with the prior art.
Slots are cut on the power and ground metal layers with
identical pattern. Although the 1solation effect of this method
1s quite well, 1t would make the power layer to be discontinu-
ous and degrade the signal integrity of the signal lines across
the gaps.

Typically, the circuit components are placed on the top side
of the PCB and use the signal layer 110 to route the signal
trace as shown 1n FIG. 1(D). In the circuit theory, the com-
plete current path must form a closed loop. Typically, the
return current of the signal trace 1s flowing on 1ts adjacent
layer either the ground layer 120 or the power layer 130.
Theretfore, 11 the ground layer 120 or power layer 130 1s
separated by one or more gaps, the signal integrity of signal
traces across the gaps may become worse.

To improve the signal integrity, a metal neckline for each of
the power layer and ground layer are provided at the location
where the signal lines pass through the gap, as shown 1n FIG.
2(B). For the convenience 1n the design process, the power
layer and the ground layer usually use the same pattern.
Namely, the location of the gaps and the metal connections on
the power layer and the ground layer are the same.

However, there still exist some disadvantages for such a
metal connection. For example, the effect of the 1solation wall
become worse 1n some frequencies, and become even worse
for the increased width of a metal connection.

The previous study shows that using a narrow metal con-
nection on each of the power layer and ground layer can
improve the 1solation effect, but the signal lines on the adja-
cent layer are difficult to be routed within the metal connec-
tion region. Conversely, using a wider metal connection will
make routing of the signal lines to be easy, but the 1solation
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will become worse. Therelore, there 1s a conflict between the
width of the metal connection and the 1solation effect 1n the
prior art. There 1s a need to provide an improved power layer
and ground layer structure of the multilayer PCB.

SUMMARY OF THE INVENTION

The object of the invention 1s to provide a low noise mul-
tilayer printed circuit board, which can overcome the cited
problems 1n the prior art.

In accordance with aspect of the present invention, there 1s
provided a low noise multilayer printed circuit board. The low
noise multilayer printed circuit board includes at least one
ground layer and at least one power layer. The at least one
ground layer 1s divided 1nto a first area and a second area. The
first area and the second area are connected by a first metal
neckline. The at least one power layer 1s divided into a third
area and a fourth area. The third area and the fourth area are
connected by a second metal neckline. The first area corre-
sponds to the third area. The second area corresponds to the
fourth area. The location where the first and second areas are
connected by the first metal neckline 1s different from that
where the third and fourth areas are connected by the second
metal neckline.

Other objects, advantages, and novel features of the inven-
tion will become more apparent from the following detailed
description when taken in conjunction with the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1(A) 1s a schematic view of metal layers of a typical
four-layer PCB;

FIG. 1(B) 1s a cross-sectional view of FIG. 1(A);

FIG. 1(C) 1s a schematic view of an area where the power
bus noise exits;

FIG. 1(D) 1s schematic view of an implementation of com-
ponents of a typical PCB;

FIG. 2(A) 1s a top view of using a dividing skill to separate
a PCB 1nto two areas 1n accordance with the prior art;

FIG. 2(B) 1s a schematic view of using a metal neckline to
connect the two areas of FIG. 2(A);

FIG. 3 1s a schematic view of a low noise multilayer printed
circuit board (PCB) 1n accordance with the invention;

FIG. 4(A) 1s a top view of at least one ground layer in
accordance with the invention;

FIG. 4(B) 1s a top view of at least one power layer 1n
accordance with the invention;

FIG. 5(A) 1s a schematic view of a typical current tlow;

FIG. 5(B) 1s a schematic view of a current flow 1n accor-
dance with the invention;

FIG. 5(C) 1s a graph of a simulation result of the electro-
magnetic transmission coelficients of FIG. 5(A) and FIG.
5(B) i accordance with the invention;

FIG. 6(A) 1s a schematic view of width changes of upper
and lower metal necklines 1n accordance with the invention;

FIG. 6(B) 1s a graph of a simulation result of the electro-
magnetic transmission coelficients of the width changes of
FIG. 6(A) in accordance with the invention;

FIG. 7(A) 1s a schematic view of another embodiment 1n
accordance with the invention;

FIG. 7(B) 1s a schematic view of a further embodiment 1n
accordance with the invention;

FIG. 7(C) 1s a schematic view of a typical PCB 1n accor-
dance with the prior art; and
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FIG. 7(D) 1s a graph of a simulation result of the electro-
magnetic transmission coellicients of FIG. 7(A), FIG. 7(B)
and FIG. 7(C) 1n accordance with the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

FI1G. 3 1s a schematic view of a low no1se multilayer printed
circuit board (PCB) 1n accordance with the mvention. The
multilayer PCB 1ncludes one or more ground layer 320, one
or more power layers 330 and one or more signal layers 30. In
this embodiment, the multilayer PCB includes one ground
layer 320, one power layer 330, and two signal layers 310,
340 for providing connections between the pins of electronic
components on the multilayer PCB. The multilayer PCB also
has a first side 350 and a second side 360.

FIG. 4(A) 1s a top view of the ground layer 320 1n accor-
dance with the invention. The ground layer 320 1s divided into
a first area 322 and a second area 323. The first area 322 and
the second area 323 are connected by a first metal neckline
324.

FIG. 4(B) 1s a top view of the power layer 330 1n accor-
dance with the mnvention. The power layer 330 1s divided into
a third area 332 and a fourth area 333. The third area 332 and
the fourth area 333 are connected, by a second metal neckline
334. The first area 322 corresponds to the third area 332, and
their shapes are the same. The second area 323 corresponds to
the fourth area 333, and their shapes are the same.

The location where the first and second areas 322 and 323
are connected by the first metal neckline 324 1s different from
that where the third and fourth areas 332 and 333 are con-
nected by the second metal neckline 334. As shown 1n FIGS.
4(A) and 4(B), the first metal neckline 324 of the ground layer
320 locates at the first side 350 while the second metal neck-
line 334 of the power layer 330 locates at the second side 360.

In this embodiment, the first and second areas 322 and 323
are shaped 1nto a rectangle, and locate at two ends of the first
metal neckline 324. Since the first area 322 corresponds to the
third area 332 and their shapes are the same, and the second
area 323 corresponds to the fourth area 333 and their shapes
are the same, the third and the fourth areas 332 and 333 are
also shaped into the rectangle, and locate at two ends of the
second metal neckline 334.

In practical PCB layout, the first area 322 1s a digital
ground layer while the second area 323 1s an analog ground
layer, and the third area 332 1s a digital power layer while the
fourth area 333 1s an analog power layer.

In the prior art, the effect of noise 1solation 1s better as the
metal neckline 1s thinner, but the signal lines on the adjacent
layer are difficult to be routed within the metal connection
region. Conversely, using a wider metal connection will make
routing of the signal lines to be easy, but the 1solation waill
become worse.

However, 1t 1s observed that the conflict presents 1n differ-
ent dielectric layers of the PCB. As shown 1n FIGS. 1(C) and
(D), a good return current path required for the current of the
signal lines 1s associated with the dielectric layer I, but the
isolation effect 1s determined by the dielectric layer II.
Accordingly, the invention places the metal necklines of the
ground layer and the power layer at different corresponding
locations and thereby overcomes the problem.

The different locations of the metal necklines of the ground
layer and the power layer lead to different noise 1solation
eifect. The difference 1n the effect of 1solation 1s described
with reference to FIGS. 5(A) and (B). 11 an electromagnetic
noise 1s from port 1 to port 2, the corresponding current flows

as 1mndicated by the arrows of FIGS. 5(A) and (B). In FIG.
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5(A), the locations of the metal necklines are the same as cited
in the prior art, and accordingly the currents of the upper and
lower metal layers tlow through a same corresponding loca-
tion. In FIG. 5(B), the locations of the metal necklines are not
the same as cited 1n the invention, and accordingly the current
of the upper layer tlows through the same corresponding
location as shown 1n FIG. 5(A), but the current of the lower
metal layer flows as shown 1n the arrows 1n FI1G. 5(B). There-
fore, the area of the loop of the current 1n FIG. 5(B) 1s much
larger than that 1n FIG. 5(A). From the electromagnetic point
of view, the inductance of the current loop in the structure of
FIG. 5(B) 1s larger than that in FIG. S(A), thus the effect of
1solation 1n FIG. 5(B) is better.

FIG. 5(C) shows the simulation result of the electromag-
netic transmission coefficient S,, of the structures of FIG.
5(A) and FIG. 5(B) 1n accordance with the invention. Curve 1
and Curve 2 indicate the simulation results of the electromag-
netic transmission coetlicient S, , between the ports 1 and 2 of
the inventive PCB and prior art respectively. As shown in FIG.
5(C), the mvention staggers the locations of the metal neck-
lines of the upper and lower metal layers, which results 1n
lower transmission coelficient from 80 MHz to 1 GHz than
that of the prior art. Even the peak 1s shifted to the lower
frequency (from 200 MHz down to 80 MHz). The lower
transmission coellicient from 80 MHz to 1 GHz indicates a
better 1solation between the two ports. In addition, the peak of
transmission coellicients at the lower frequency can be elimi-
nated easily using decoupling capacitors. Therelore, the over-
all effects 1n the invention are better than those 1n the prior art.

It 1s noted that the metal necklines used 1n FIGS. 5(A) and
(B) have a same width, which allows the same number of
signal lines routed on the layer adjacent to the metal neck-
lines.

FIG. 6(A) 1s a schematic view of the width changes of the
upper and lower metal necklines in accordance with the
invention. As shown 1n FIG. 6(A), d 1s the distance between
the mner edges of the upper and lower metal necklines of the
ground layer 320 and the power layer 330 respectively. The
corresponding widths of necklines are W, and W,. FI1G. 6(B)
shows the simulation result of the electromagnetic transmis-
sion coelficient S,,; for different widths of the neckline 1n
accordance with the invention. As the widths W, and W, of
the metal necklines increase from 2 mm to 10 mm, the trans-
mission coellicients S, , change slightly, which indicates that
the 1solation between the two ports 1s not much influenced by
the width of the necklines. This 1s good feature for practical
circuit layouts. The devices with data or address buses, such
as controllers, memories, and registers generally require par-
allel connections of a great amount of signal lines. Such
devices need a wider metal neckline for the return current
path. As shown 1n FIG. 6(B), the present invention can pro-
vide the wider metal neckline as the return current path with-
out reducing the effect on the electromagnetic noise 1solation.

FIG. 7(A) 1s a schematic view of another embodiment 1n
accordance with the invention. The shape of the first area 722
1s a rectangle with a rectangular opening 1n the middle. The
shape of the second area 723 1s a rectangle corresponding to
the rectangular opening, has a size slightly smaller than the
rectangular opening, and 1s implemented 1n the rectangular
opening. The third area 732 corresponds to the first area 722,
and the shape of the third area 732 1s identical to that of the
first area 722. The fourth area 733 corresponds to the second
area 723, and the shape of the fourth area 733 is 1dentical to
that of the second area 723. The locations of the first and
second metal necklines 724 and 734 are not the same.

FIG. 7(B) 1s a schematic view of a further embodiment 1n
accordance with the invention. As compared to FIG. 7(A), the
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difference 1s 1n that the second metal neckline 734 locates at
the upper of the rectangular opening.

FI1G. 7(C) 1s a schematic view of the prior art. As compared
to FIG. 7(A), the difference 1s that the first metal neckline 710
and the second metal neckline 720 locate at a same location.

FI1G. 7(D) 1s the simulation results of the electromagnetic
transmission coeflicient S,, of the structures shown 1n FIG.
7(A), FIG. 7(B) and FIG. 7(C) 1n accordance with the mven-
tion. Curve 1, 2, 3 indicate the simulation results of the
electromagnetlc transmission coelficient S,;, between the
ports 1 and 2 of the PCB in FIG. 7(A), FIG. 7(B), and FIG.
7(C) respectively. As shown 1 FIG. 7(D), the transmission
coellicients of the structures in FIGS. 7(A) and (B) are much
lower than that of the structure in FIG. 7(C) from 0.4 GHz to
1 GHz which are higher than the resonant frequency of the
entire PCB. Theretore, the present invention can significantly
prevent the electromagnetic coupling between the two areas.

In this description, the rectangular shapes of the first area
322, the second area 323, the third area 332, the fourth area
333, the first area 722, the second area 723, the third area 732
and the fourth area 733 are given as an example only, not for
a limut.

Although the present invention has been explained in rela-
tion to 1ts preferred embodiment, 1t 1s to be understood that
many other possible modifications and variations can be
made without departing from the spirit and scope of the
invention as hereinafter claimed.

What 1s claimed 1s:

1. A low noise multilayer printed circuit board (PCB),
comprising;

at least one ground layer, which 1s divided 1nto a first area

and a second area, the first area and the second area being
connected by a first metal neckline;

at least one power layer, which 1s divided into a third area

and a fourth area, the third area and the fourth area being
connected by a second metal neckline;
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wherein the first area 1s adjacent to the third area, the
second area 1s adjacent to the fourth area, and the loca-
tion where the first and second areas are connected by
the first metal neckline 1s at a first side of the at least one
ground layer and the at least one power layer, and the
location where the third and fourth areas are connected
by the second metal neckline 1s at a second side of the at
least one ground layer and the at least one power layer,
and
wherein the shapes of the first and the third areas are the
same, and the shapes of the second and the fourth areas
are the same.

2. The multilayer PCB as claimed in claim 1, further com-
prising;:

at least one signal layer, which provides connections

between pins of electronic components on the multilayer
PCB.

3. The multilayer PCB as claimed 1n claim 1, wherein the
first and the second areas are a rectangle and locate at two
ends of the first metal neckline.

4. The multilayer PCB as claimed 1n claim 1, wherein the
first area 1s a rectangle with a rectangular opening in the
middle, and the second area 1s a rectangle corresponding to
the rectangular opening, has a size slightly smaller than the
rectangular opening, and 1s implemented 1n the rectangular
opening.

5. The multilayer PCB as claimed 1n claim 4, wherein the
first area 1s a digital ground layer.

6. The multilayer PCB as claimed 1n claim S, wherein the
second area 1s an analog ground layer.

7. The multilayer PCB as claimed 1n claim 6, wherein the
third area 1s a digital power layer.

8. The multilayer PCB as claimed 1n claim 7, wherein the
fourth area 1s an analog power layer.
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